Cross-border power trading through grid interconnection has gained significant attention in South Asia to support energy deficit states of the South Asian Association for Regional Cooperation (SAARC) region. Nonetheless, cross border grid interconnection requires technical standardization and grid code synchronization to ensure technically feasible, reliable, safe and economical power exchange among the SAARC states. Importantly, grid code harmonization necessitates the uniformity of technical data and codes among the member states. In this paper, we investigate the relevant factors such as regional barriers, trade potential, a gap in the grid codes, standardization of technical data, energy pricing, load profile, the load factor of different states, and regulatory framework of different states. All these factors are found to be helpful in formulating a set of recommendations for seamless power grid interconnections and power trading. We have developed a power pool model for the SAARC region with an objective to effectively realize the objectives of cross-border power trade in the region. The presented model takes account of transparency in market-clearing price, bidding of data, season-wise load profile, market volume, best case practices, institutional setup and rigorous case studies to ensure seamless grid interconnection and reliable power trading within the region.
I. INTRODUCTION
SAARC region has a population of 1.7 billion, which is nearly one-quarter of the whole world's population. The region has been confronted with a significant energy deficit. The two main factors, which contribute to energy shortages, are insufficient power generation resources in the SAARC states and their increased reliance on imported fossil fuel energy products for power generation. Framework agreement for electrical energy cooperation was signed by all SAARC member states including India, Pakistan, Nepal, Afghanistan, Sri Lanka, Bangladesh, Maldives, and Bhutan on 27th November 2014 at the occasion of SAARC conference held in Katmandu, Nepal. The key clause of the The associate editor coordinating the review of this manuscript and approving it for publication was Pierluigi Siano . framework agreement includes a great emphasis on cross border trade of electric power, the legislation of rules and relevant laws, and support mechanism for bilateral and trilateral agreements among the SAARC member states (SMSs) [1] . The cross-border power interconnection facility permits electrical power to be exchanged between two or more countries [2] . The main objective of the agreement is to increase economic cooperation through new opportunities in the electrical energy sector with an expectation of optimal utilization of available power generation resources with increased reliability of electric power supply.
The power generation capacity of SMSs differs significantly. India, Pakistan, Nepal, Afghanistan, Sri Lanka, Bangladesh, Bhutan, and Maldives have their power generation capacity of 277,710 MW, 23,087 MW, 800 MW, 840 MW, 3940 MW, 11,877 MW, 1488 MW, and 140 MW VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ respectively [2] - [8] . Maldives' power generation is highly reliant upon fossil fuels while Bhutan and Nepal's power need is fulfilled through hydel resources [2] . Natural gas is a primary source to generate electricity for Bangladesh while coal is extensively burnt for electrical power generation in India [3] . Pakistan is not dependent on any single source for power generation and fulfills its electrical energy requirements from various sources [4] . Consequently, almost all the SAARC member states experience energy shortages either in summer or winter [5] . Regulatory authorities which are controlling power trade activities in SMSs are as follows: Da Afghanistan Breshna Sherkat (DABS) is responsible for electricity Generation, Transmission, and Distribution [6] . Indian electrical regulatory authority defines the roles and responsibilities of Regional Load Dispatch Centers (RLDCs). Unlike other countries, Maldives does not have dedicated power regulatory authority, rather it has just defined country-specific grid code which is not in line with that of other SAARC member states [7] . In the case of Nepal, Nepal Electricity Authority (NEA) is responsible for purchasing power from the private sector and importing power from India. NEA Grid code 2005 has well-defined standard formats for data and information exchange for power generation and transmission. Authority for issuing licenses for power transmission and distribution in Pakistan is National Electric Power Regulatory Authority (NEPRA), [8] but transmission line construction, operation, load dispatch, and maintenance come under the jurisdiction of National Transmission & Dispatch Company (NTDC). Similarly, the Ceylon Electricity Board (CEB) in Sri Lanka is responsible for electricity generation, transmission, and distribution [9] .
It is an undoubted fact that the power grid code of all SMSs need to be harmonized to ensure seamless cross-border power trade because any differences between grid codes of the states may cause technical in-compatibility in achieving the true purpose of power exchange. Cross border power trade in the SAARC region can effectively be realized through a resolution of relevant barriers. These barriers include an absence of cost-reflective pricing, under-performing financial utilities, persistent generation capacity shortages, lack of private sector involvement, political relations and cross border power trade regulations. The stakeholders of SAARC states know the aforementioned issues but no significant efforts are witnessed to address them. Importantly, the exchange of data and information is a prerequisite for the physical exchange of electricity and electricity services among industry participants. It is found that electricity exporting and importing member states must share technical data on generation and transmission aspects associated with the cross-border trade of power.
Currently, a few SMSs are engaged in power trading outside the SAARC region such as Afghanistan fulfills its electricity need by importing it from Tajikistan, Uzbekistan, Turkmenistan, and Iran. Transmission lines from Uzbekistan, Iran, Tajikistan, and Turkmenistan have a power carrying capacity of 326 MW, 164 MW, 433 MW, and 77 MW respectively [7] . Construction of 500 kV CASA transmission lines between Nowshera, Pakistan, and Sangtuda in Tajikistan through Torkham in Afghanistan commenced back in May 2016 [10] . India and Bangladesh have a bilateral electricity trade agreement, which was signed between the two countries under which NTPC Vidyut Nigam (NVNN) becomes the nodal agency for electricity trade with Bangladesh. India and Nepal have a Bilateral agreement under which Nepal imports power from India. Iran exports 39 MW to the Baluchistan province of Pakistan through a radial mode transmission system [11] .
To ensure effective cross-border power trade among SMSs, it is believed that there must be a model that shall be followed to unify member states onto a single electricity market. This paper presents a South Asian Regional Power Pool, a power trading model, which not only serves the unification but also brings a transparent electricity pricing scheme for cross border power trade. A few best-case practices of regional power pool models are also elaborated to reinforce the importance of cross border power trade in the SAARC region.
In addition, the electrical load pattern in SMSs is also covered in detail with the description of load profile and load factors of the member states in different seasons, which help determine suitable scenarios of power exchange among the various member states [12] . According to a typical load profile and load factors of a member state, appropriate recommendations are given for the season-wise exchange of power.
This paper consists of ten sections, the first section gives an introduction, the second section presents an overview of the energy mix of SMSs, and the third section highlights the importance of harmonization of grid codes for cross border power trade. Barriers for cross border power trade are discussed in detail in Sec. IV. Sec. V contains detailed information on the minimum standardized format of data to enable the power trading functional in the SAARC region. The sixth section of the paper discusses the current situation of power trade among SAARC states. The seventh section elaborates on the power trading model and best case practices. Case studies related to power pool models are detailed in Sec. VIII. Load scenarios with seasonal load factors of SMSs are covered in Sec. IX and eventually the paper is concluded in Sec. X.
II. ELECTRICAL ENERGY SCENARIO OF SAARC MEMBER STATES
The SMSs have been striving to become power surplus but so far only two states including Bhutan and Maldives have managed to achieve this milestone. Bhutan stands at an outstanding power export figure of 628.74 MW in the summer season which drastically drops down in winter due to unfavorable winter season for hydro-electric power generation. Bhutan manages to fulfill its power needs by 90% and the rest is catered through the import from India.
Maldives produces enough electricity to fulfill its power requirements by generating 45.89 MW. Fig. 2 gives a status of power generation, demand, and energy deficit of SMSs, which shows that the other six member states are far from achieving the objective of meeting their energy demand [13] . Table 1 contains an energy mix of each country [17]- [26] .
There is no doubt about the diversification of energy sources in SAARC as shown from the statistics given in Table 1 . However, numerous factors are still propelling SMSs towards energy deficiency. These factors are resource underutilization, limited focus on renewable energy sources, extraordinary reliance on conventional energy sources and most importantly lack of regional power trade [14] .
Considerable utilization of coal reserves in India has already caused serious environmental concerns. Bangladesh and Pakistan fulfill their power needs by importing fossil fuel from different parts of the world.
On the other hand, renewable energy (RE) sources are abundantly available in the SAARC region, which has not been tapped to its potential at a larger scale. Recently, Pakistan, Afghanistan, and India have shown their resolve on increasing the proportion of renewable energies in their energy mix. At present, the overall percentage of the energy mix is around 1%. Sri Lanka is the only state to have a significant contribution to renewable energy resources amounting to 12% towards their total energy mix. It is recognized that the energy mix of every member state must be diversified to bring improvement in environmental pollution and sustainability in terms of longevity and cost.
III. GRID CODE SYNCHRONIZATION AMONG SAARC STATES
Grid code lays the foundation for carrying out cross-border power trade between countries. Power trade is only possible once grid codes of countries are synchronized and we will see its importance in a relevant subsection later. The primary purpose of grid code is to convey technical information related to transmission system operators, users, power system stakeholders' operational guidelines, rules, design criteria, and basic planning involved. Regulatory bodies are authorized to approving the grid code under the country's electricity legislation or act. Grid code documents also deal with the rules and criteria associated with ancillary services, selling or buying power, maintenance, metering, protection, distribution, transmission, generation, and system operation. Existing gaps in the grid code of SMSs are identified and discussed below.
A. NECESSITY FOR HARMONIZATION OF GRID CODE
A framework must be established by the transmission system operators (TSOs) of planned regional grid interconnection for electricity market mechanisms, exchange of power, settlement of disputes, data exchange, schedules for maintenance, operating procedures, guidelines preparation, and implementation. The status of the grid code document and the concerned regulatory bodies in SMSs are shown in Table 4 .
There are discrepancies in the permissible range of voltage, frequency and transient stability as specified by the grid code of the member states. These differences must be eradicated to ensure the smooth operation of the interconnected systems [15] . The operating system frequency in all member states is 50Hz but the difference lies in their permissible deviation range as shown in Table 2 . The operating frequency band of Afghanistan is not specified as they have it has no grid code defined yet.
Transmission voltage level also differs significantly in the SMSs, which poses a technical issue regarding voltage stability in a cross-border interconnected power system. The differences in voltage levels are highlighted in Table 3 .
Transient stability limits defined by grid codes of some SMSs varies at different voltage levels. Cross border power trade is only possible if these differences are addressed otherwise fault clearing time difference between member states will render interconnected power system inoperable. The Bangladesh grid code mentions that fault clearance time shall not exceed 100ms at 400kV and 160ms for both 220kV and 132kV. The grid code of Bhutan does not dictate any specific fault clearance time limit. Similarly, the Nepal grid code didn't mention any transient stability limits. Among all member states, the Indian grid code covers transient stability limits in detail as it mentions fault clearance time by considering fault types and voltage levels. For a three-phase to ground fault, the Indian grid code states that fault must be cleared within 100ms at 765kV and 400kV, and within 160ms at 220kV and 132kV. As per the grid code of Pakistan, three-phase to ground fault must be cleared within 100ms at a voltage level of 500kV and 220kV. Remaining member states have not incorporated transient stability parameters in the grid code. Fig 4. depicts the grid code and its associated sub-codes for seamless cross border electricity trading among the SAARC member states. i. Planning Code is responsible for the provision of details associated with information supply and criteria for planning and development procedures.
ii. Connection Code sets a benchmark for operational plant design, and techniques, which should be compiled in view of the prospective consumers. iii. Operation Code includes information about the operating procedures including data provision, operational planning and demand-side management, and control. iv. Schedule and Dispatch Code contains the procedures of power generation, dispatch, and scheduling. v. Metering Code addresses the information related to meters, meters accessibility, accuracy level, and standards compliance of metering.
1) N-1 CONTINGENCY CRITERIA FOR AC LINES
It is one of the gaps among SMSs because, in India, outage of a single circuit at 400 kV and 765 kV levels and outage of a double circuit at 132 kV and 220 kV levels is considered as N-1 outage [24] . 
2) N-1 CONTINGENCY CRITERIA FOR HVDC
Among all SMSs, only India has HVDC back-to-back station with defined N-1 contingency criteria [24] . Whereas, other states don't have such standards defined.
3) DYNAMIC STABILITY
This gap persists in all SMSs. Bangladesh, India, and Pakistan specify that the system shall survive a permanent three-phase to ground fault on EHV lines with a fault clearance time of 100ms. Indian grid code specifies many other disturbances also in detail for ensuring system stability [25] . Other states need to specify this code.
4) LOSS OF SINGLE GENERATOR
Grid codes of India and Sri Lanka stipulate that the grid system shall survive any loss of a single generator. However, grid codes of other member states do not specify any such criterion.
5) VOLTAGE VARIATIONS
Except for India, the grid code of all SMSs specifies voltage variation limits for both planning and operational phases [25] .
6) SECURITY AND RELIABILITY LIMITS
In the case of India, the transmission planning criteria, as devised by Central Electricity Authority (CEA), specifies security and reliability limits to be considered at the planning stage, which is more stringent than the operational security and reliability limits. A margin is specified for voltage limits, thermal loading limits of lines and transformers, reactive power capabilities of generators, fault levels, etc. The grid code of other SMSs mentions operational security limits only [25] .
IV. BARRIERS TO CROSS BORDER POWER TRADE IN SAARC REGION
SAARC region experiences considerable under-utilization of cross border power trade despite its huge potential for the power exchange. Though diverse sources of energy are available, several factors offer hindrance in cross border power trade amongst SMS. This section identifies those factors and elaborates on how they contribute to restricted power exchange amongst the SMSs. The electricity policy reforms (EPR) amongst SMSs are mainly focused on improvement in operation rather than the introduction of market-oriented policies except for India. In India, there is competition in the electricity wholesale market and day-ahead market while the other member states are still adhering to the single-buyer model in which there are only one buyer and multiple sellers. The critical issues associated with electricity regulation in the SAARC region are as follows:
A. ABSENCE OF COST REFLECTIVE PRICING
There is no proper pricing scheme in effect that helps the power sector to reap financial benefits. As a result, it has been observed that there has been limited investment in improving the efficiency of operations and increasing installed capacity. Moreover, it also dents the confidence of the private sector in a generation.
B. UNDERPERFORMING FINANCIAL UTILITIES
The scarcity of revenue remains one of the major problems of stakeholders within the SAARC region. The considerable part of this scarcity is contributed by electricity theft. In India, almost one-third of electricity is lost as a result of theft and it is estimated that there is 14% theft in Bangladesh [1] . Additionally, ''circular debt'' is also contributing towards shortfall of revenue. Circular debt is considered a barrier in achieving the desired outcome which propels entities to hold payments of their creditors and suppliers, and thus, it creates difficulties for them to meet their expenses.
C. PERSISTENT GENERATION CAPACITY SHORTAGES
There is a wide gap in investment and growing demand in the power sector which results in frequent power outages. For example, some rural areas of Pakistan are still experiencing load shedding of 8 to 12 hours a day. In Nepal, the daily blackouts have ended in 2016 as a result of cross border power trade with India. Thus, an immense economic loss is experienced as a result of power outages in SAARC member states.
D. LACK OF PRIVATE SECTOR INVOLVEMENT
In the SAARC region, privatization of the existing electrical distribution system remains a political issue. Though privatization would yield better results, it is prone to political hurdles. Despite, private distribution companies are generally able to bring a significant reduction in commercial and technical power losses [26] .
E. CROSS BORDER RELATIONS
In general, SMSs have a fair level of political understanding which may contribute to electrical cooperation among them e.g. Bhutan-India cooperation is a prime example of sharing mutual interests [1] . On the other hand, cross border power trade is much restricted owing to political sovereignty, national security and energy security in the case of Pakistan and India. These two member states have animosity and trust deficit among themselves. Similarly, the failure of supplying natural gas for a 3 billion USD power project in Bangladesh is another example of their limited capabilities [1] . In addition, it is still questionable whether the social impact, and public concerns would be addressed by cross border electricity or not? as the sharing of water resources between Nepal and Bhutan causes conflicts of extra revenue generation between the two states.
F. CROSS BORDER POWER TRADE REGULATION
To encourage cross border power trade within a region, it is considered necessary that system operators shall focus on the implementation of harmonized regulatory and technical practices. To ensure effective power trade, tracking of power flows, maintenance of grid, attracting investment in grid interconnection, and collection and transfer of revenues are must be enhanced considerably. Current coordination issues among SMSs are mostly policy-based e.g. rules associated with transmission access along with its pricing that does affect the market access and dispute resolving. This issue is reflected in the slow response of India in its power trade agreement with Nepal [1] .
G. CAPITAL AND OPERATIONAL COST OF CROSS BORDER TRANSMISSION NETWORK
Capital and operational cost associated with cross border transmission lines are one of the major hurdles in carrying out power trade in the SAARC region. However, it may be considered a long-term investment and its benefits shall be reaped in terms of a reduced bill of the imported energy for the purpose of power generation. Thus, it will ultimately offer financial relief to consumers. In this regard, Asian Development Bank has conducted a cost-benefit analysis of cross border power interconnection in the SAARC region as given in [27] . The proposed network includes: additional grid reinforcement for Bhutan and India grid; 400 kV line connecting India and Nepal; HVDC link between India and Sri Lanka, which also includes submarine cable; HVDC direct link of India and Bangladesh; 400 kV and 220 kV transmission link between in India and Pakistan; and 400 kV transmission link of India and Pakistan, which is also coupled with CASA 1000 transmission line.
Transmission networks mentioned above have a varying capacity from 250 MW to 1000 MW. The cost-benefit analysis presented in [27] shows that the ratio of cost to benefit ranges from 3.7 to 102 with an overall profit of around 105 million USD to 1840 million USD.
V. MINIMUM SET OF STANDARDIZED DATA
SMSs need to consider a variety of regulatory and technical barriers in the power trade. Defining a minimum standardized set of data and information exchange helps in tackling these technical limitations, standard interfaces and, resolve to overcome energy deficit [25] .
A. DATA EXCHANGE BETWEEN OPERATORS AND CROSS BORDER LINKS OBSERVABLE AREA
Transmission or Distribution licensee shall carry out grid interconnection study to determine the point of interconnection, required interconnection facilities and modifications required on the existing grids to accommodate the interconnection. The study may also address the transmission system capability, transient stability, voltage stability, losses, voltage regulation, harmonics, voltage flicker, electromagnetic transients, machine dynamics, Ferro resonance, metering requirements, protective relaying, substation grounding, and fault duties, as the case may be.
General composition of information may be as follows: i. Regular substation topology and other data based on a voltage leve ii. Maximum and minimum active and reactive power, which is required for power modules. iii. Operational security limit iv. Voltage regulation range v. Configuration of a transmission system of 400kV vi. Protection set points as external contingencies in neighboring operato's contingency lists. Data for dynamic stability analysis must include:
i. Electrical parameters associated with alternators suitable for analysis of dynamic stability. ii. Minimum reactive power and maximum reactive power. iii. Prime mover and excitation system models that may withstand larger disturbances. To have effective communication between the market operator and system operator, it is essential to have data format for registration in the market information system as given in Table 5 , [29] - [33] . The data format for bid submission is also given in Table 6 .
C. INSTITUTIONAL SET-UP
The institutional set-up must be comprised of the following: i. Regional power trade committee for the approval process. ii. Coordination committee (led by secretaries of ministries related to power) for coordination. iii. A panel of experts for designing electricity market model, market operation rules, grid code, and relevant policies. iv. Regional electricity regulation authority managing regional power trade committee, coordination committee and a panel of experts. v. Regional level institute for utilities, market operators, buyers and sellers, traders, grid operators, etc.
A panel of experts shall propose viable electricity market and market operating guidelines where standard data shall be proposed and designed. For regional level planning, long term and short-term planning shall be shared among countries. These plans should be compiled by the regional regulatory authority and shared with stakeholders. Skilled personnel should be engaged in designing a standard format for the regional competitive power market. Necessary infrastructure and quality of infrastructures like dedicated internet, cybersecurity, and protection system shall be defined and developed accordingly. The role of regional system operator, national system operator, and transmission line operators shall be clearly defined. Communication shall be done between regional market operators, regional system operators, national system operators, and regional transmission line operators. Guideline/Policy of data and information exchange shall be defined. Standard format for exchanging data and information shall be developed with consensus and harmonized manner. Data designed by CERC in India are used for bilateral electricity trade. Such a format can be used to come up for the design of the practically oriented format as a first step.
VI. CURRENT POWER TRADE SCENARIO IN SOUTH ASIA
Power trading among SMSs has gained significant attention for a few years. There have been a few attempts by different states for power trade. The current scenario of cross-border power trade is depicted in Fig. 5 and is explained below.
A. INDIA AND BANGLADESH
A bilateral electricity trade agreement was signed between the two countries under which NTPC Vidyut Vyapar Nigam (NVNN) becomes the nodal agency for the bilateral trade of electricity. Bangladesh Power Distribution Board (BPDB) and NVNN signed a power purchase agreement for supplying 100 MW to BPDB. Initially, 175MW was supplied by India to Bangladesh back in September 2013. The first power grid connection was realized with a 400kV AC transmission system. The power trade has enabled Bangladesh to shift from its costly and less efficient fossil-fuel based power generation to import of electricity from India, which is quite economical.
B. INDIA AND BHUTAN
The government of Bhutan and India signed an intergovernmental agreement on 22 April 2014 to develop joint hydropower projects. The agreement provides a framework for the implementation of four hydroelectric plants (HEP) to produce a total power of 2120 MW. Three hydroelectric power plants are already functional in Bhutan with a power capacity of 1416 MW (1020MW Tala HEP, 336MW Chukha HEP, and 60MW Kurichhu HEP), and the produced power is being supplied to India. Furthermore, three HEP totaling 2940MW are under construction. Table 7 summarizes the joint venture between the two-member nations [39] . 
C. INDIA AND NEPAL
An agreement between the two states was signed under which Nepal imports power from India. The agreement stresses the cooperation of the two parties to ensure reliable and secure grid operations that are interconnected via cross border transmission network. It includes unscheduled interchange, cross-border power trade procedures, bill accounting, energy metering, dispatch, and preparation of scheduled generation. In addition, it does state that all parties should put their maximum efforts to ensure greater reliability, stable operation, power system security, and safety requirements of the power grid [40] . 
E. IRAN AND PAKISTAN
An agreement was signed between Pakistan and Iran in 2002 to start the power trade. Iran exports electricity which is used in the Baluchistan province of Pakistan. As per the agreement, Pakistan can import 39 MW through a radial mode transmission system. In 2006, the two countries signed another MOU to increase electricity trade up to 100 MW to meet the power demand of Gwadar port [1] . Currently, Pakistan is importing 74 MW for its Baluchistan province. A few more projects in progress are aimed at power exchange of 1000 MW through 500 kV HVDC lines.
VII. PROPOSED POWER TRADING MODEL IN SAARC REGION
SAARC Regional Power Pool Model (SAARP) is proposed to ensure smooth coordination among SMSs for developing a unified regional electricity market. In this section, a set of objectives is defined for the effective functioning of a unified market of the SAARC region, which is as follows:
1-Introducing competition and market evolution procedure for demand and supply of electricity. 2-To encourage deployment of advance technology for increased efficiency of generation, transmission, and distribution of electricity. 3-To devise mathematical modeling of pricing scheme.
It is assumed that all SMSs will have a similar set of procedures for granting license of cross border power exchange. It is expected that SMSs will be engaging in the proposed power trading model as it sets a benchmark for power pricing and brings other ease of business.
A. FORMULATION OF MARKET CLEARING PRICE AND MARKET CLEARING VOLUME
Market clearing price (MCP) is defined as the lowest price at the point of intersection of supply and demand curves. Market clearing volume (MCV) is the volume of power at the point of intersection. Two types of markets exist based on a bidding mechanism. Single side bidding which is defined as bidding carried out by the supplier only, whereas double-sided bidding is bidding being accomplished by both customers as well as suppliers [44] . In our case, we have only considered linear demand and supply curves. It is because of the linear trend, bidders will be receiving power based on incremental and decremented cost curves [45] . Bidders can also bid their outputs in the linear form as shown in Fig. 7 . In the case of single-side bidding, the function of MCP for any bidder n can be represented by using Eq. (1)
where msi is a gradient of the supply curve and it is shown in Fig. 6. Q n (p) is the quantity associated with n th supply curve and p is the price in cents per kWh. If there are N number of suppliers who are bidding in market then the function of MCP for the combined supply curve is represented using Eq. (2)
The MCP for a fixed demand D can be obtained by Eq. (3)
In the case of single side bidding, demand bid is inelastic however in double side market the elasticity of demand curve has also been taken into account. For MCP, both supply and demand ends are considered for its computation. The demand curve for an individual n in a linear bid mode can be found using Eq. (4)
where mdi is a gradient of the demand curve and p i0 is the yintercept or interception at price axis and it is shown in Fig. 6 . If there are M number of demand bidders who are bidding in market then the expression for aggregated demand curve would be calculated using Eq. (5)
The MCP for a fixed demand D can be obtained by Eq. (6)
If capacity limit is specified then we can write Eq. (1) in the form of Eq. (7) below and Eq. (2) can be written in the form of Eq. (8).
B. SAARC REGIONAL POWER POOL MODEL (SARPP) SAARC Regional Power Pool Model (SARPP) is proposed considering a transparent pricing scheme for power trading, and congestion management in the region. Fig. 7 depicts a theoretical model of power pool involving relevant stakeholders in the market. In this model, a competitive electricity market concept is embraced where participants are expected to submit hourly bids on Day-Ahead (DA) basis. Characterization of power exchange (PX) is done hourly by cleared physical delivery market and it should have a uniform price having an option of linear bidding. The existing power purchase agreements would be honored which means that PX should be a secondary option for the market to match unallocated surplus power through the DA auction-based market. The financial flows as a result of power trade are termed as 'commercial transactions' while electricity trade is referred to as 'physical transaction'. The participants will submit their electronic bids offering PX and in return, PX will clear the market through the determination of market clearing price (MCP), as shown in Fig. 6 . If congestion is being caused by market settlement then splitting of the market is accomplished by PX and area wise MCP is determined with transmission constraints. Independent system operator (ISO) and transmission system operator (TSO) on DA basis will provide available transmission capacity (ATC) information to PX for congestion management and prepares the finalized DA schedule to clear the transactions. It is where PX shall submit this schedule to ISO for its real-time implementation. For the next day in between 00:00 and 24:00 hours, the electricity will be provided and financial clearing should be done once a week. The decentralized power trading arrangement necessitates PX to become a separate entity from the system operator (independent market operator). However, PX must have coordination with the ISO for ATC information and similarly ISO should have co-ordination with TSOs to have DA Schedules dispatched and imbalance settlement via balancing power market.
Whenever the power flow schedule in a particular transmission corridor is more than the transfer capacity of a corridor in power exchange, congestion is expected to occur. The power flow as scheduled cannot be transmitted, which may lead to a vulnerable situation. Therefore, prices are different under congestion [34] , [35] . The higher cost generators within the area have to get active as lower-cost generators unable to fulfill demand [36] , [37] . In such circumstances, TSOs in locally connected areas shall re-dispatch or countertrade to ensure the security of local networks [38] .
C. BEST CASE PRACTICES FOR CROSS-BORDER POWER TRADE
In this subsection, some best-case practices of cross-border power trade are discussed that may be taken as an instance for grid interconnection among SMSs.
1) SOUTH AFRICAN POWER POOL (SAPP)
SAPP member states include Zimbabwe, Zambia, Tanzania, Swaziland, Namibia, Mozambique, Malawi, Lesotho, Congo, Botswana, and Angola. The primary purpose of the South African Power Pool (SAPP) is to ensure a reliable and economical supply of electricity among the member states. SAPP member states are aimed to fulfill their energy demand at an affordable cost with minimum environmental pollution [41] . SAPP system interconnections are shown in Fig. 8 . It can be seen in the figure that if a member state under SAPP has surplus power available, it will be able to help energy deficit state to fulfill latter's power requirements through grid interconnection. FIGURE 7. SAARC regional power pool model.
In Table 8 , negotiated bilateral contracts between SAPP members have been specified. Main power sellers in a region are Eskom, RSA, Zambia, and ZESO. Their buyers are mostly neighboring countries but some countries who need to get power through transferring countries have a firm contract in place. It can be seen from a table that no. of buyers are greater than no. of sellers as most of the member states are dependent on imports to fulfill their power requirements. Among all member states, Eskom imports more power as it imports power from HCB, Mozambique and then feeds power to MOZAL (950MW), aluminum smelter and EDM (300MW) [42] .
2) NORDIC POWER POOL
The cross-border power trade is made functional amongst five Scandinavian countries through the Nordic Power Pool. The member states under this power pool are Sweden, Norway, Denmark, Finland, and Iceland. It can be seen in Fig. 9 that power trade amongst all member states is balanced except power flows between Sweden and Finland. The net imports of Finland from Sweden were 14.3 TWh in 2012, which is the highest but a year later it dropped down to 12.2 TWh. The highest combined power flow was between Norway and Sweden which reached up to 14 TWh [43].
VIII. RELEVANT STUDY CASE
In this paper, different bidding scenarios for power exchange are studied and a uniform pricing approach is considered. For simplicity, two supply bidders are picked out from every area apart from power being retrieved from a local generator during congestion. Table 9 below contains the supply bid data for SMSs. We have divided bidding strategies into two different types and accordingly, two cases are being considered:
1-Case 1: Linear supply bid with fixed demand (singlesided bid market) 2-Case 2: Linear supply bid with linear demand bid (double-sided bid market)
Here a constant demand of 525 kW is considered with Table 9 representing linear bid data and Table 10 displaying output payments under different scenarios. As per the contents of Table 10 , the value of MCP was calculated considering the unavailability of a local generator. It comes out to be 4.62 cents/kWh for the fixed demand of 525 kW while MCP calculated with the availability of local generation up to 45kW is 4.22 cents/kWh. The demand is met partially by local generator for cross border power exchange in case of local generator availability. 
B. CASE 2
In the competitive electricity market, bids of demand-side participants are also catered. In this paper, we have considered 24 demand-side bidders for simplicity and their bid data are given in Table 11 . The payments at multiple MCP and their corresponding output are also shown in Table 12 . The aggregated supply and demand curves in Fig. 6 . having their intersection point at 5.91 cents/kWh and 671.43 cents.
As per the values given in Table 12 , the value of MCP calculated with the availability of local generation up to 45kW is 5.65 cents/kWh. The demand is met partially by local generator for cross border power exchange in case of its availability. The reduction in spot price which is being caused by the elasticity of demand bidders causes consumption among them to be increased. 
C. ANALYSIS OF THE STUDY CASES
The results of both cases being mentioned above are analyzed having a total of 24 bidders. In the first case, the demand for these bidders was fixed at 525 kW and MCP calculated comes out to be 4.6223 cents/kWh. As per Table 10 contents, it displays the bidding quantity of each supplier who is participating in bidding and the amount calculated at MCP of 4.6223 cents/kWh is 2426.693 cents. However, when a local generator is active and supplying 45kW then MCP gets reduced to 4.2261 cents/kWh and the total amount of money at this MCP is 2155.295 cents.
In the second case, we have a total of 24 bidders. The supply bidders are responsible for meeting the variable requirements for demand bidders. Fig. 6 shows the aggregate demand and supply plots and with the help of the intersections of these plots, we can determine MCP and MCV. In Table 12 , we can see MCV or total demand of bidders which is 671.43 kW, bidding quantity of supplying bidder and MCP which is 5.91 cents/kWh. The total amount of money calculated at MCP of 5.9 cents/kWh is 3696.156 cents. Upon consuming 45 kW power from a local generator, the MCP dropped down to 5.65 cents/kWh. At this MCP, the total amount calculated is 3640.14 cents. Moreover, the total quantity supplied by each bidder is reduced but overall demand/supply is increased to 686.84 kW as shown in Table 12 .
As we have seen in the first case, the power demand is fixed but supply is variable which is most commonly practiced in the power markets. However, in real life, the demand can never be fixed and demand's fine-tuning is done through balancing the power market. The second case shows that power demand is changing daily. Latter case is relatively a new concept and it may be followed in the larger market with a good power quantity.
IX. LOAD SCENARIOS (LOAD FACTOR AND LOAD CURVE) IN SAARC STATES
Information about the load curve along with the load factors of different SMSs is found much useful to come up with a set of guidelines to suggest favorable scenarios of cross border power trading. The member states having lower load factors may export power to other SMSs for effective utilization of their installed capacity during low peak season. With the help of load curves and bar charts of the load factor, we will further elaborate that which states can trade power either as an exporter or an importer of electricity. The load curves and load factors for all SMSs are presented below: 
A. NEPAL
The typical daily load curve of Nepal for summer and winter is shown in Fig. 10 having a peak load of 415MW in summer while 465MW in winter. The load factor of Nepal is one of the lowest amongst SMS with 64.1% in summer and 55.1% while in winter as depicted in Fig. 13 [7] . Nepal is significantly dependent on power imports from India which makes up 18% of its total power demand. They have mostly hydroelectric power plants that remain dormant during the winter season. Therefore, Nepal should increase its power generation capacity considering diversification of sources in its energy mix for enhancing its load factor.
B. BHUTAN
The typical daily load curve of Bhutan for summer and winter is shown in Fig. 10 having a peak load of 250MW in summer while 310MW in winter. The load factor in India varies from 92% to 85.4% in summer and winter seasons respectively as depicted in Fig. 14 [8] . As mentioned before, Bhutan is supplying total electrical power of 1416 MW to India and yet it possesses a relatively lower load factor in winter due to heavy dependence on power production from hydroelectric power plants (HEP). It can be recovered a bit more for both seasons because yet there is a potential of increasing installed capacity by 8500MW through hydroelectric based projects. Moreover, the concerned authorities in Bhutan shall consider diversifying their energy mix as HEP alone will not cater to local power demands and export demands.
C. SRILANKA
The typical daily load curve of Sri Lanka for summer and winter is shown in Fig. 10 having a peak load of 1920MW in summer while 1700MW in winter. The load factor for the country is amongst the least in comparison with other SMSs being at 67.5% in summer and 64% in winter as depicted in Fig. 14 [10] . Since 2018, the country is facing power outages due to a lack of installed generation capacity. It eventually led Sri Lanka to fulfill its power demand through electricity imports. Sri Lankan government envisions to be a self-sufficient nation by 2030 by increasing their installed capacity from 4043MW to 6900MW. Increasing the installed capacity will eventually increase the load factor and enable the state to reap financial benefits of exporting electricity to other SMSs.
D. AFGHANISTAN
A typical daily load curve of Afghanistan for summer and winter is shown in Fig. 11 having a peak load of 700MW in summer while 490MW in winter. Load factor in Afghanistan is 79% and 82% in summer and winter respectively, which is quite moderate as compared with other member states as depicted in Fig. 14 [6] . It has been noticed that the gap between power supply and demand is being increased in Afghanistan over the last 5 years. The hydroelectric power plants yield peak output during summer but lag considerably in winter. These plants have a minimal reservoir and thus unable to provide storage for more than a few hours. To prevent the increasing demand and supply gap, it has to capitalize on untapped hydroelectric power production of 23000MW for increasing their generation capacity. It will put Afghanistan in a position to not only cater to their local power demand but also fulfilling SMSs power requirements.
E. MALDIVES
A typical daily load curve of Maldives is shown in Fig. 11 for the island of Male. The load curve remains the same throughout the year for both seasons. The load curve in Fig. 11 displays the peak value of 17500kW for Male island. The load factor for Male island stands at a decent figure of 71.7% in summer while in winter it slightly jumps to a value of 73.4% as shown in Fig. 14. The load factor values for the island almost remains the same throughout the year [24] . The Maldives already has a status of a self-sufficient member state in the SAARC region as it is already fulfilling its power demand on his own. Currently, Maldives is reliant upon thermal power plants having its fuel imported from other countries. The Maldives, unlike any other SMSs, does not have many resources to increase their installed capacity for load factor improvement except for biomass. The country has significant biomass production that can also be utilized to increase its installed capacity.
F. PAKISTAN
A typical daily load curve of Pakistan for summer and winter is shown in Fig. 12 having a peak load of 12,900MW in summer while 9000MW in winter. The load factor for a country is better in summer with 89.4% in comparison with other member states while in winter, it drops to a reasonable value of 85.1% as depicted in Fig. 13 [6] . There is a huge potential in power generation from HEP in Pakistan as only 34% of 45000MW is being used. Similarly, potential of wind and solar energy is still untapped in Pakistan, which is an energy deficit country with a shortfall of 5000MW. It is believed that Pakistan can certainly overcome energy deficiency by focusing on renewable sources development and improving its load factor in low peak season i.e. winter.
G. INDIA
A typical load curve of India for summer and winter is shown having a peak load of 132GW in summer while 117GW in winter in Fig.12 . The load factor of India is shown in Fig. 13 [8] . India is almost a couple of years away from becoming a self-sufficient member state. The only problem lies in the energy mix of India as it is heavily dependent on coal-fired power plants. It led the government to invest heavily in renewables like solar, wind, etc. to increase their installed capacity for fulfilling local demand and increase exports as well. Moreover, their power trade with Sri Lanka is already in infant stages so they can also trade more power with them to further increase their load factor.
H. BANGLADESH
A typical load curve of Bangladesh for summer and winter is shown in Fig. 12 having a peak load of 10,860MW in summer while 7700MW in winter. The load factor in Bangladesh is quite reasonable in summer with 84.7% while in winter, it is very low with a value of 68.7% as shown in Fig. 13 .
The member states with almost compatible load factors in both seasons i.e. summer and winter are Sri Lanka and Maldives. Maldives exhibits similar behavior with 71.7% load factor for Male Island in winter and 73.4% in summer. Remaining SMSs have managed to achieve a load factor of 80% or more in both summer and winter which leads us to a conclusion that they need to further increase their installed capacity for increasing their generation and alternatively they can improve load factor by increasing power trade with the neighboring SMSs [25] . A pictorial representation of proposed model through technical standardization, in-depth analysis of load factor of different SAARC member states, market pricing, etc. for grid interconnection in the SAARC region is shown in Fig. 15 .
X. CONCLUSION
This study assessed the current power trade scenario in SAARC region and identified the barriers that are restricting its implementation. Importantly, a power trading model is proposed which helps SMSs overcome power shortages. The discrepancies in the grid code of SMSs need immediate attention as they are limiting power trade in SAARC region. Therefore, these gaps are highlighted and eventually standardization of technical data is proposed to unify all member states grid code to ensure seamless cross-border power trade. Afghanistan still has to draft its grid code so it can do a transition of grid code onto a standardized format with relative ease.
The cooperation between all member states is of great importance as the majority of member states need harmonization of grid codes through some amendments within their existing grid codes. In addition, it is concluded that in order to promote cross border power trade, tariffs of SMSs need to be unified, and for that, the proposed power pool model may help achieve the said objectives of power trade. The presented study cases are considered key findings for setting up a transparent bidding process and power trading market. The presented load scenarios in the SAARC states give vital guidelines for all SAARC states to encourage cross-border power flow. It has been asserted that at regional level cross border power trade can certainly help member states to overcome power deficiency. However, an area that still needs to be tapped is what if power trade is translated from intraregional to inter-regional level e.g. SAARC region can opt for cross border power trade with other regions like ASEAN etc. Therefore, future work should be focused towards this area as it will benefit all member states considering all of them are connected through tie lines.
